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In the usual way the sum over all states jX; out i











































































































































) will be written as a
eld-eld correlation function in a forward scat-
tering amplitude, but in a modied eective the-
ory.
3. MODIFIED EFFECTIVE THEORY
FOR SCALAR FIELDS
Let us assume that the basic dynamical vari-
ables of the original theory are the operators for
unrenormalised scalar elds 
i
(x) and their con-
jugate canonical momenta 
i





(x) collectively as (x). Let
H be the Hamiltonian of the system which we
split into a free part H
0
and an interaction part
H
I
which may depend explicitly on the time t,
but should not involve time derivatives of 
i
(x)








H(t;(~x; t)) = H
0
((~x; t)): (10)
Besides the interacting elds and momenta  free
elds and momenta 
(0)




We assume now as usual that there exist uni-
tary operators U (t) that realize the time-depen-
dent canonical transformations relating  to 
(0)




(~x; t)U (t): (11)
Taking as boundary condition
lim
t! 1



























































Now we return to the single inclusive cross sec-











































3Following the time-dependence inM(x) from the
right to the left, we start at time  T !  1
and pass through operators of increasing time ar-
guments until time 0. Then the time sequence
changes and we go back in time to time  T
0
!
 1. In a usual matrix element the time argu-
ments should increase instead. We will now show
that we can write the matrix element M(x) in
the usual form, with time increasing from right
to left, if we pass to operators
~
U of the form (13)















(~x; t)) for t < 0
2)
~









































(t) depends on the free elds and momenta at
time ( t). But we know how to express the free
elds and momenta at time ( t) by their values
at time t using the free eld equations of motion.




(t) as a nonlocal func-
tional of the dynamical variables 
(0)
(~x; t) at the











Therefore, we can consider our matrix element
as of the standard type but in the modied theory


























































The matrix elementM is written in the stan-
dard form with an in-state to the right and an
out-state to the left. The prize we have to pay
is that we have to use the modied theory where
the Hamiltonian
~
H(t) has a sudden variation at
t = 0 and is nonlocal for t > 0.
4. INCLUSIVE PRODUCTION IN QED
AND AN ABELIAN GLUON MODEL
4.1. QED and the Abelian Gluon Model
In this section inclusive reactions are consid-
ered in QED coupled to an abelian gluon model.












Starting point is the Lagrangian describing the
interaction of electrons of mass m and charge  e
with a massive photon of mass  - to avoid any
infrared divergences - and of two quark avours of
equal mass M and electric charge eQ
q
with the
photon and a massive abelian gluon of mass .




































































































its eld strength tensor,
A












eld strength tensor,  the electron eld and q
the quark eld. We have a quark eld with two
avours and 
3
is the usual Pauli matrix.
The Hamiltonian corresponding to (24) can be
obtained as usual by a Legendre transformation.
Only the interaction term has to be altered in






























(~y) the elds at time  y
0
have to be substi-
tuted by the elds at time y
0
. Two points should
be stressed: First, due to the jump in the interac-
tion, the eective theory has no time translation
invariance, so that no longer energy conservation
holds at every vertex. Second, the eective inter-
action contains derivatives.










in the initial state
and summation over spin and avour of the nal




























































In order to calculate M we expand it in pow-
ers of the electromagnetic coupling constant e.
The electromagnetic interaction of the incoming





















































































































































As a simple check of our theoretical manipula-
tions let us nally calculate the lowest order in the
quark-gluon-coupling g, i.e. for g = 0. Decom-
posing the quark 6-point-functions with Wick's
theorem into quark 2-point-functions and substi-
tuting for these the perturbative propagators we
get for C
a
two contributions according to the two






















Figure 1. Lowest order contributions.
The distinction between both contributions is
given by the fact, that the upper diagram has
got an imaginary part, whereas the lower one is
completely real so that we get only a contribution





























































which is, of course, the standard result, which one





! q + q (29)
for two quark avours of charge Q
q
.
54.3. Path Integral Representation
In the last subsectionM and therefore the one-
quark-inclusive cross-section could be expressed
in terms of quark 6-point-functions after separat-
ing the electromagnetic interaction by a perturba-
tive calculation. As the coupling g is not assumed
to be small we will now derive a representation
of these quark 6-point-functions suitable for non-
perturbative calculations. For this we consider
the Hamiltonian path integral in our eective the-
ory obtained from the abelian gluon model.












































Here the classical elds G and 
G
and the Grass-
mann elds q and q have to be inserted into the
part of
~
H(y) (25) which describes the abelian
gluon model. Furthermore for y
0
> 0 the classical
and Grassmann elds have to be time-shifted.
As the Hamiltonian path integral is quadratic
in q; q, the fermionic elds can be integrated out.




























the quark propagator is given as















where the brackets hh ii on the right hand side
denote the average over all gluon elds with the






















Inserting the Green's function into the matrix
element we get the inclusive cross section ex-
pressed explicitely in terms of a Hamiltonian path
integral. This expression should be a conve-
nient starting point for applying non-perturbative
methods to an evaluation of inclusive cross sec-
tions. It should be possible, for instance, to gen-
eralise the methods of [6] to the case of this eec-
tive theory here.
5. CONCLUSIONS
We have written the inclusive cross section
as imaginary part of an amplitude C for which
we have given a path integral representation.





! q+X and checked that in lowest non-
trivial order we get the correct result. Our hope
is that our path integral representation will lead
to a genuinely non-perturbative evaluation of in-
clusive cross sections at high energies along the
lines of [6]. The generalisation to QCD should
be straightforward. Our methods should allow a











in terms of a genuine OPE. A similar approach
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